As part of assessments of the palatability of different formulations for baits to be used for the control of feral goats, iopanoic acid and iophenoxic acid were compared as bait markers. After goats ingested iopanoic acid (25, 50, and 100 mg kg-'), peak plasma iodine concentrations (486, 1725, and 1911 pg 100 mL-' respectively) were reached after 4 to 8 h, followed by rapid excretion. In contrast, iophenoxic acid (1.5 mg kg-') was more slowly absorbed but remained stable in the plasma at concentrations greater than 240 pg 100 mL-I for three months after ingestion. When goats were fed 10 marked leaves smeared with non-toxic petrolatum containing a total of 50 mg iophenoxic acid, plasma iodine concentrations were proportionally and significantly higher (P<O.001) than in animals fed on marked leaf smeared with non-toxic petrolatum (total of 5 mg iophenoxic acid), indicating a potential for quantifying the amount of bait ingested. Iophenoxic acid, therefore, shows the greatest potential as a bait marker for goats, particularly for quantitative use in palatability and acceptance studies.
Introduction
The substantial increase in populations of feral goats in New Zealand in recent years has been accompanied by an increasing impact on forests and wildlands (Parkes 1990 ). Toxic baiting strategies based on petrolatum/carbapol formulations containing sodium monofluoroacetate have been developed (Parkes 1983; Batcheler and Challies 1988) . However, their acceptance by goats has not been adequately tested in pen or field trials. To support improvement in feral goat control technology, oral bait markers were assessed in this study.
Oral bait markers are agents that identify individuals or the proportion of a population of animals that have ingested bait. They can be used in penned studies or for experiments with free-range wild animals for assessing the palatability and acceptance of different baiting systems for delivering vaccines or poisons to animals. Markers must not deter animals from ingesting bait and must be readily detectable. Bait markers fall into five classes:
(1) inert materials that pass through the gastro-intestinal tract and are identified in the faeces (Cowan et al. 1984) ;
(2) dyes, such as Rhodamine B, which stains the mouth, gastro-intestinal tract, and anus of animals (New 1958; Morgan 1981) ; (3) tetracyclines, which chelate with the calcium ions in bones and teeth and can be detected as a yellow fluorescence under ultraviolet light (Linhart and Kinnelly 1967) ; (4) plasma markers, such as quinacrine (Johns and Pan 1982) , Mirex, and iophenoxic acid, which can be detected in the blood (Knowlton et al. 1988) ; (5) radioisotopes, which have different patterns of tissue distribution, dependent on the isotope used. For example, iodine-131 accumulates in the thyroid gland and can be detected in the throat tissues (Knowlton et al. 1989 ).
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Some of these materials were not considered appropriate for testing in our studies. For example, inert materials are not readily incorporated into a small bait (0.25 g) and could not be used for quantitative assessment. Rhodamine B is a widely used oral bait marker for pellet baits. It is cheap, easy to use, and readily detectable. In New Zealand its use in possum baits enabled verification of bait acceptance by possums in large-scale field trials conducted by the Forest Research Institute in the early 1980s (Morgan 1981 (Morgan , 1982 . However, studies of its use in the small baits used for goat control showed significant inconsistencies (J. Parkes, personal communication). As Rhodamine B is a skin irritant and a potential carcinogen (Parodi et al. 1981) , its use should be limited where alternatives are available. Rhodamine B is unreliable as a chronic marker (Knowlton et al. 1987) and is inappropriate for quantitative applications. Although fluorescent bone labelling with tetracyclines has been used as a semi-quantitative marker, the intensity and amount of fluorescence bound to the bone can be directly related to the age of an animal (Linhart and Kinnelly 1967) rather than to the amount consumed. We considered the use of radioisotopes inappropriate for field studies for safety and regulatory reasons. Quinacrine was not assessed since the bitter taste of this compound might have a deleterious effect on bait consumption in some species. Mirex was not assessed as it has been withdrawn from the market because of its environmental persistence and suspected carcinogenic effects.
We experimented with a plasma marker that could also be used quantitatively to estimate the number of baits consumed. Iophenoxic acid has been established as a plasma marker for a number of carnivore species including coyotes, raccoons, and foxes (Larson et al. 1981; Baer et al. 1985; Follman et al. 1987; Knowlton et al. 1987; Hadidian et al. 1989) . After absorption this compound remains at stable concentrations in the blood (Mudge et al. 1978) .
We also evaluated iopanoic acid as it is cheaper and easier to obtain than iophenoxic acid.
Both compounds have the potential to elevate plasma iodine concentrations (Ralston et al. 1964) , thus identifying those animals that ingest marked baits. However, neither has been assessed as a marker for goats before. First, we administered iophenoxic and iopanoic acid orally to compare their pharmacokinetics (absorption and persistence) in goats under standardised conditions, and then selected the most suitable one for further assessment as a marker in petrolatum carrier, smeared on foliage baits.
Materials and Methods

Test Compounds
Iopanoic acid (a-ethyl-3-amine-2,4,6,-triiodobenzenepropanoic acid) (Telepaque) was provided by Winthrop Laboratories, Sterling Pharmaceuticals Ltd, Sydney, Australia.
Iophenoxic acid (a-ethyl-3-hydroxy-2,4,6-triiodobenzenepropanoc acid) was provided by Dr P. Savarie, Denver Wildlife Service, Colorado, U.S.A.; the material was custom-synthesised by Aldrich Chemical Co., P.O. Box 355, Milwaukee, U.S.A.
Comparing Pharmacokinetics of Iophenoxic and Iopanoic Acid
Fifteen female feral goats weighing from 24 to 48 kg were divided into four groups of three animals and were allocated to treatment as follows:
25 mg kg-iopanoic acid 3 50 mg kg-' iopanoic acid 4 100 mg kg-' iopanoic acid 5 1 . 5 mg kg-iophenoxic acid Both compounds were administered orally in an aqueous suspension in 0.75% w/w methyl cellulose at a dose volume of 0 . 5 mL kg-'. The purpose of the range of iopanoic acid dose levels was to identify the minimum amount of material required for incorporation into baits. Iopanoic acid has not been previously evaluated in wild animals as a marker. It has been administered to man at doses of 3-6 g, as a cholecystographic agent (Ralston et a/. 1964) , equivalent to 42-84 mg kg-'. The amount of iophenoxic acid (1.5 mg kg-') administered was based on previous studies in which 5-20 mg of iophenoxic acid (approximately equivalent to 1-5 mg kg-') had successfully marked a variety of wild animals weighing 5-20 kg (Larson et a/. 1981; Baer et al. 1985; Follman et a/. 1987; Knowlton et al. 1987; Hadidian et a/. 1989) . Iophenoxic acid has been successfully administered to wild animals in a variety of materials, e.g. in capsule form (Larson et a/. 1981; Baer et a/. 1985) , as a solution in 100% alcohol (Follman et a/. 1987) , and in corn-oil (Hadidian et a/. 1989) . Methyl cellulose was chosen for this initial experiment as it is inert and is a standard material for preparing suspensions for animal experiments. A consistent concentration of test compound can be achieved, which enables an accurate dose to be administered. Blood samples (5 mL) were taken from the jugular vein from all goats once before dosing to establish baseline iodine concentrations, then 4 h, 8 h and 24 h after dosing, and on days 2, 3, 4, 6, 9 and 13 after dosing. When levels returned to baseline concentration, monitoring was stopped.
Quantitative Assessment of Iophenoxic Acid Absorption from Petrolatum
A total of 14 feral goats (7 females weighing 26-40 kg, and 7 males weighing 44-52 kg) were allocated for exposure to treatment as follows:
Group
Numbers Treatment 1 2 ( 1 0 , 1 9 ) Control-a bolus equivalent to 10 leaves smeared with unmarked petrolatum (2.5 g) 2 6 ( 3 0 , 3 9 ) A bolus equivalent to one leaf with petrolatum (0.25 g) containing 5 mg iophenoxic acid 3 6 ( 3 0 , 3 0 ) A bolus equivalent to 10 leaves with petrolatum (2.5 g) containing 50 mg iophenoxic acid
Iophenoxic acid was formulated as a suspension in petrolatum grease and placed on the back of mahoe leaves, a plant species favoured by goats, and used as a 'natural' bait. The leaves were then made into a bolus and placed into the mouth of each animal, to ensure all the material was consumed. The purpose of this phase of the study was to simulate field use and to assess whether or not this marker could be used quantitatively to assess the number of baits (=leaf +carrier) consumed by individual animals. Blood samples (5 mL) were taken from the jugular vein from all the goats once before dosing and 24 h after ingestion of trial materials. Further samples were taken on days 3, 9, 29 and 58 after dosing.
Plasma samples were analysed for total iodine content using the methods described by Hadidian et al. (1989) , with some minor modifications. Ceric and arsenious reagents were prepared according to Technicon Instrument Corporation information. Indirect measurement of the concentration of both iopanoic and iophenoxic acid by the analysis of plasma iodine concentration remains a standard method of estimating the concentration of these compounds in both clinical and animal studies (Mudge et a/. 1978; Hadidian et a/. 1989) . Mean blood iodine concentrations were compared between groups by repeated measures of analysis of covariance, using the pre-dose baseline values as the covariate. Pre-and post-ingestion samples for any given dosage were compared using the least significant difference test with Bonferroni adjustment to give a true a level of 0.05 (Miller 1981) . Initial analysis revealed a clear association between the mean plasma iodine concentrations and their respective variances. For this reason, all analyses were performed using log, transformed data. Thus the LSDs (P=0.05) o n the back-transformed data are given as multiplicative factors (least significant ratios).
These studies were conducted in accordance with the guidelines of the National Animal Ethics Advisory Committee and with Animal Ethics Committee approval.
Results
Comparing the Pharmacokinetics of Iophenoxic and Iopanoic Acid
Both iopanoic and iophenoxic acid were absorbed after oral ingestion by the goats. Peak plasma iodine concentrations occurred between 4 and 8 h after ingestion of iopanoic acid and at 24 h after ingestion of iophenoxic acid (Fig. 1) .
Iopanoic acid doses of 25, 50, and 100 mg kg-' resulted in peak plasma iodine concentrations of 486, 1725, and 1911 pg kg-' respectively. Plasma iodine concentrations returned to pretreatment levels between 6 and 13 days after dosing. Peak plasma iodine concentrations of 696 pg 100 mL-' were obtained in the animals dosed with 1 . 5 mg kg-' iophenoxic acid, and remained in excess of 240 pg 100 m~-' in this group for three months. 
!
Quantitative Assessment of Zophenoxic Acid from Petrolatum
Iophenoxic acid was readily absorbed from petrolatum carrier on leaves. Plasma iodine concentrations were significantly higher than baseline values (P<0.01) in the iophenoxic acid-treated animals in groups 2 and 3 at all sampling times (Fig. 2) . Plasma iodine concentrations in group 3 animals, those eating 10 leaves, were significantly higher than in group 2 animals, those eating one leaf (P< 0.001). Plasma samples from both treated groups were marked for 58 days. The peak plasma iodine concentrations measured at 24 h for .-both groups were 59.4 and 480.2 pg 100 m~-' , respectively, and after 58 days they were 32.2 and 290.7 pg 100 mL-' , respectively. Pretreatment plasma iodine concentrations were between 4 and 10 pg 100 mL-'. These remained stable in control animals in both groups.
Discussion
Iopanoic acid has not previously been assessed as a bait marker in any species and iophenoxic acid has been established as a plasma marker for carnivores but not for herbivores. Both compounds were readily absorbed by goats and marked the plasma after ingestion. However, larger amounts of iopanoic acid than iophenoxic acid were needed to achieve similar increases of plasma iodine concentration in the goat; 25 mg kg-' iopanoic acid and 1.5 mg kg-' iophenoxic acid both produced similar peak plasma concentrations (in the region of 500 to 700 pg 100 mL-'). Small amounts of iophenoxic acid (5 to 20 mg bait-') have been used to mark carnivores (Knowlton et al. 1987; Follman et al. 1987; Hadidian et al. 1989) and similar quantities would appear to be appropriate for marking goats. Our studies show that considerably more than 100 mg bait-' of iopanoic acid would be required to mark goats for up to four days. The relationship between plasma iodine concentrations and variance would further discourage the use of iopanoic acid as a marker. Furthermore, the rapid elimination of iopanoic acid within 4 to 10 days makes it unsuitable for quantitative assessments of the number of leaves consumed. As a result of these findings, development of iopanoic acid as a marker was discontinued.
Iophenoxic acid has been used in a variety of species to determine the proportion of a population that consumes bait, but its potential to assess the amount of bait consumed has not been previously investigated. The proportional differences in plasma iodine concentrations in two groups of goats that had consumed one or 10 leaves demonstrated that iophenoxic acid has the potential to differentiate between the amounts of baits consumed by individual animals. Furthermore, the stability of iophenoxic acid in plasma should enable users to distinguish between animals that have consumed different numbers of baited leaves, even if the consumption of the baits is spread over several days or weeks. Although the evidence is not yet conclusive, the dose response curve within the range tested appeared to be linear. This should make quantification of the amount of bait consumed by goats in field studies comparatively simple.
This potential has been exploited in a field trial of bait acceptance by feral goats. Out of a total of 30 goats sampled, only three goats ate no baited leaves and most goats voluntarily ate at least one marked, baited leaf. Plasma iodine concentrations in excess of 360 pg 100 rnL-' indicated that over half the goats ate more than 10 baited leaves (J. Parkes, personal communication) . The results of this field trial, which was useful in setting the amount of toxin required per bait, will be reported in full in a separate manuscript describing the safety and effectiveness of goat baiting strategies.
In conclusion, despite reports of substantial variation in the absorption and excretion of iophenoxic acid by different species (Larson et al. 1981; Baer et al. 1985) , it appears to be a suitable marker for the herbivorous goat. The potential of a marker of this type in fundamental ecological research, such as home range studies and neophobia, and in bait development technology has yet to be fully exploited.
